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Mössbauer spectra were recorded using an instrument fitted with a helium-flow Janis 8DT Super Varitemp cryostat that had a built in 8 T, American Magnetics superconducting magnet. The spectrometer was operated in a constant acceleration mode and used a 100 mCi 57 Co(Rh) source. This spectrometer allowed for recording variabletemperature spectra from 4.2 to 250 K in applied fields parallel to the incident γ-radiation from 0 to 8 T. All samples consisted of 20-100 mg either amorphous or microcrystalline powders enclosed in custom made Teflon® or Delrin® containers. The containers were loaded under an inert atmosphere in Gainesville and transported to Tallahassee either at 77 K using a standard shipping dewar or at RT in sealed glass vials. Although the crosssection of the Teflon® containers was optimized for recording the high-field EPR spectra, their use with our current Mössbauer setup allowed us to investigate the same sample both by high-field EPR and zero-and low-field Mössbauer spectroscopy. This procedure allowed us to asses both the purity of the EPR samples as well as their fielddependent Mössbauer behavior. The isomer shifts values are quoted against the roomtemperature spectrum of a standard Fe metal foil. The spectral simulations were performed using the WMOSS software (SEE Co. formerly WEB Research Co., Edina, MN) and relied on the use of the standard spin-Hamiltonian formalism.
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Synthesis of 2.
[CF 3 -ONO]H 3 (1.000 g, 1.889 mmol) was dissolved in THF (2 mL) and three equivalents of ((CH 3 ) 3 Si) 2 NLi, 97 % (0.978 g, 5.669 mmol) in THF (2 mL) were added drop wise to generate the trianionic [CF 3 -ONO] 3-species in situ. This solution was slowly added to a THF (2 mL) solution of FeCl 2 THF 3/2 (0.444 g, 1.890 mmol) producing a brown solution.
This solution was stirred for 3 h and all volatiles were removed under vacuum. The brown residue was triturated with pentane three times (6 mL), dried under vacuum, and washed with pentane (10 mL). The residue was extracted with diethyl ether (5 mL), 
1 H-NMR spectroscopy of 2.
The 1 H-NMR spectra of brown powder 2 and the red crystals were collected in C 6 D 6 and depict paramagnetically broadened signals in the 40 to -25 ppm range. Figure S1 and Figure S2 below show the assignment of the resonances. The π-symmetric magnetic orbitals of Fe II produce a contact shift by a π-delocalization mechanism into the aromatic ring yielding a positive spin density into the C ortho and para p z orbitals. This positive spin density causes a negative spin density at the ortho H adjacent to it by a spin polarization mechanism. Figure S3 depicts the different mechanisms that lead to the different isotropic shifts in the paramagnetic 1 H-NMR. The methyl group located in the para position can undergo direct π-delocalization yielding a positive spin density at the H. Therefore, H ortho shifts upfield and the Me group protons in para shift downfield.
The opposite effect, but smaller in magnitude, is observed at the meta positions: a negative spin density into the C meta p z orbital causes a positive spin density at the H meta which gets shifted downfield. Finally, the remaining signals correspond to THF and Et 2 O.
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Figure S1
. 1 H NMR spectrum of 2 in C 6 D 6.
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Figure S2.
1 H NMR spectrum of red crystals in C 6 D 6. Figure S3 . π-delocalization and spin polarization mechanisms, and their effect in paramagnetic 1 H-NMR.
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Red crystals of 2 were dissolved in C 6 D 6 and titrated with THF in increments of 0.5 equivalents. A 1 H-NMR spectrum was collected for 2 and after every THF addition as shown in Figure S4 . 
SQUID magnetometry of 2.
Figure S5 depicts the plot of  M T vs T for complex 2. χ Μ T steadily decreases with decreasing temperature from 3.16 cm 3 mol -1 K at 300 K to 1.25 cm 3 mol -1 K at 5.0 K. The 300 K value is higher than the expected spin-only (g = 2) value of 3.00 cm 3 mol -1 K for a high spin Fe II complex, which can be attributed to the presence of significant spin-orbit coupling effects. It has been previously seen that high spin Fe II square planar complexes possess an appreciable zero-field splitting (ZFS) parameter, D. On the basis of this consideration, the experimental magnetic susceptibility data were fit to the theoretical expression given in eq. S1, which describes the powder average χ M vs T behavior for an S = 2 ion undergoing zero-field splitting, where x = D/kT, N is Avogadro's number, D is the axial single-ion ZFS parameter, TIP is the temperature-independent paramagnetism, Θ is the Weiss constant, and g is the average g factor.
The data were fit in the temperature range of 300 K -5 K, and yielded fit parameters of │D│ = 20.9(4) cm 
The data were fit in the temperature range of 300 K -15 K, and yielded fit parameters of The fit is not as good as that of 2 due the greater distortion of the second conformer seen in the crystal structure, requiring equations based on rhombic rather than axial symmetry, which would suffer from overparameterization of the fit. 
High-field EPR spectroscopy of 2.
The analysis of the high-field EPR spectra was performed in the framework of a standard S = 2 spin-Hamiltonian, equation S3, using the methodology outlined in references. 5, 6 All symbols of equation S3 have their usual meaning and while the first term accounts for the Zeeman interaction the second takes in consideration the zero-field splitting (ZFS) of the quintet ground state.
We have investigated a series of eleven samples that included both ground and not GHz range, these spectra exhibit a single resonance that moves to lower fields with increasing frequency. In Figure S8 Interestingly, under identical experimental conditions the spectra recorded for 2 as ground red crystals exhibit two distinct spectral components. Although, one of these components is essentially identical to that observed for 2 as brown microcrystalline powder, the other cannot be rationalized by considering a D  17 cm -1 . Thus, comparison of the spectra obtained for the red crystals, see Figure S8 , with those recorded for the brown powder shows that the former exhibits at least one additional resonance marked by (r). Since the zero-field Mössbauer spectra recorded for 2 as brown microcrystalline powder and for 2 as red crystals display identical quadrupole doublets (see Figure S10 , Figure S14 , Figure S15 ), the second spectral component of the latter cannot be associated with a distinct chemical species, i.e. it is not the product of a decay process. Although we have found that the relative ratio of the two spectral components is sample dependent we
do not yet understand all the factors that control their relative amounts. Our experiments 
Mössbauer spectroscopy of 2.
We have investigated a series of six Mössbauer samples of microcrystalline brown 2 as well as of recrystallized 2 as red crystals. The spectra were analyzed in the framework of a S = 2 Hamiltonian obtained by updating equation S3 with terms that describe 57 Fe hyperfine interactions:
where:
The terms of equation S5a account for, from left to right: (i) the contribution of the isomer shift δ; (ii) electric quadrupole interaction; (iii) nuclear Zeeman interaction; (iv) magnetic hyperfine interaction. Although we have attempted to confine our analysis to solutions for which all tensors were kept collinear we found that the spectra of 2 as red crystals are best represented by our simulations when the electric field gradient (EFG) tensor is rotated from the reference frame (x, y, z) of the ZFS tensor. Equations S5b -d are written such that the EFG tensor is expressed in its standard, principal axis frame (X, Y, Z). The relative orientation of (X, Y, Z) frame with respect to the (x, y, z) reference frame is described using a standard set of Euler angles (, , ). Additionally, for the analysis of the spectra recorded for recrystallized 2 as red crystals we have included the S18 magnetic interactions between two near molecular neighbors. For the latter we used a spin Hamiltonian obtained by considering two sites (i = 1, 2), and by amending equation S4 with a term that describes the exchange interaction:
The Under these conditions we have assessed the sign of ΔE Q , the value of η as well as of A z .
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Thus we have found that the spectra of 2 both as brown microcrystalline powder and as red crystals are best described using ΔE Q < 0 and η = 0.6(2). The parameter set that yield our best simulations of the spectra recorded for 2 as brown microcrystalline powder was obtained following a comprehensive analysis of the entire set of spectra and is presented in Table S1 . Figure S10 , Figure S11 , Figure S13 , Figure S14 shows that although at 4.2 K, 0.0 T the spectra of the red and brown forms of 2 consist of quadrupole doublets that are essentially identical they exhibit distinctly different field-dependent behavior.
Inspection of
Comparison of these spectra shows that although they reveal a magnetic hyperfine splitting of similar magnitude, the spectra of 2 as red crystals are more symmetric. The asymmetry of the spectra recorded for 2 as a brown microcrystalline powder has been rationalized by the presence of large E term that is, a rhombic ZFS tensor. While the increased symmetry of the spectra of 2 as red crystals can be explained by considering axial ZFS and A tensors, i.e. E  0 and A x  A y  A z , inspection of equations S7a-c suggests that while E  0 to attain for 2 as red crystals an internal field equal in magnitude to the largest component of internal field observed for 2 as a brown microcrystalline powder (B int , y ) either D has to be sizably smaller or the considered gvalues have to be dramatically larger. Table S1 . Fine structure and hyperfine structure parameters of 2 derived from the combined analysis of the Mössbauer and high-field EPR spectra of 2 as brown microcrystalline powder and from the analysis of the Mössbauer spectra of 2 as ground red crystals. Indeed, we could obtain a good representation of the field-dependent 4.2 K, and of the high-temperature (T > 100 K) spectra of 2 as red crystals using D  8 cm -1 , E  0 and g x = g y = 2.2, g z = 2.0. However, by using these values we could not account for the observed 20 -50 K, 8 T spectra -conditions under which the simulations are most sensitive to zero-field splitting. By using equation S4 we obtained a good representation of the entire set of spectra only by allowing for a dramatic increase in the absolute value of the gtensor components and a D value considerably smaller than the 17.4 cm -1 value observed for 2 as a brown powder. Our best simulations obtained using equation S4 are shown in S22 Figure S10 and Figure S11 and were obtained using the parameter values listed in Table   S1 (italic).
Figure S10. Variable-field Mössbauer spectra recorded at 4.2 K for 2 as brown microcrystalline powder (left) and as red crystals (right). The solid red lines are simulations obtained using equation S4, the solid blue lines were obtained using equation S6. The parameters used for these simulations are listed in Table S1 .
The parameter set obtained from the spectral simulations of 2 as red crystals using equation S4 is rather uncommon. Thus, not only are the g-values unusually large but also simple crystal-field theory based arguments that can be made with respect to the expected spin-orbit coupling interactions responsible for the observed ZFS and g tensors suggest Table S1 .
The origin of this effect can be rationalized by considering equations S8a-b obtained from a perturbation treatment of the Zeeman and exchange interactions in the presence of Figure S13 . Zero-field, variable-temperature Mössbauer spectra recorded for 2 as a brown microcrystalline powder. In addition to the narrow quadrupole doublet of 2 these spectra also exhibit two broad resonances that account for a ferric decay product (at 4.2 K δ = 0.55 mm/s, ΔE Q = 1.6 mm/s and ~ 30% of the area). These spectra illustrate the dramatic drop with increasing temperature in the recoilless fraction f observed for 2 as a brown powder. Figure S14 . Comparison of the spectra recorded for 2 as a brown microcrystalline powder recorded for the same sample of discussed above, recorded before and after transfer from the original Mössbauer sample holder into an EPR container. The transfer was performed at 77 K by manipulating the powder under liquid nitrogen. The 2 T spectra illustrate the increased sensitivity of 2 as red crystals to mechanical manipulations. 
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Figure S15. Comparison of spectra recorded for two additional samples of recrystallized 2 as red crystals. Interestingly, these samples exhibit field-dependent spectra that can be deconvoluted into two spectral components. The individual components are constituted by the spectra shown in Figure S10 and Figure S11 obtained for 2 as a brown powder (blue) and as red crystals (red).
With exception of the particular sample for which the spectra are shown in Figure S10 , Figure S11 , Figure S12 , Figure S13 , and Figure S14 , the variable-field spectra recorded for samples of recrystallized 2 as red crystals exhibit two distinct spectral components.
This observation is illustrated in Figure S15 that shows spectra obtained for two additional samples of 2 as red crystals. Thus, the field dependent spectra obtained for these samples can be deconvoluted into a sum of the spectra shown in Figure S10 and Figure S11 . Although we have attempted to rationalize the factors responsible for the relative ratio of the two components, we have not been able to find a satisfactory justification of our observations. Since the Mössbauer spectra of Figure S10 , Figure S11 , Figure S12 , Figure S13 , and Figure S14 recorded for 2 as red crystals showed that this sample is essentially free of the spectral component associated with 2 as a brown Figure S8 suggesting that a large fraction of the sample was converted from 2 as red crystals into the fraction associated with 2 as a brown microcrystalline powder. Indeed, the 2 T, 4.2 K spectrum of Figure S14 recorded for the converted sample shows that the mechanical manipulation of this sample led to its conversion.
The zero-field spectrum recorded at 4.2 K for a 57 Fe enriched toluene solution of 2 exhibits two distinct quadrupole doublets ( Figure 7 ). For this sample more than 70 % of the iron can be ascribed to a species which in zero-field exhibits a quadrupole doublet that is essentially identical to that observed for 2 in solid state. The remaining iron amount can be assigned to a high-spin ferrous species that in 0 T displays a broad quadrupole doublet characterized by δ = 1.1(1) mm/s, ΔE Q = 2.9(1) mm/s  = 0.6 mm/s, simulation shown in blue. The solid red lines overlaid over the experimental spectra are simulations obtained using the hyperfine structure parameters determined for 2 as a brown microcrystalline powder and listed in Table S1 . Thus, comparison of the 4.2 K, 2
T experimental and theoretical spectra shows that essentially all features observed for the experimental spectrum are well reproduced by the simulated spectrum. Consequently, this observation suggests that dissolving 2 in toluene does not lead to a loss of the square planar geometry and that the electronic structure of the iron site is conserved. All calculations were performed using Gaussian09. 7 Initial geometries were derived from the X-ray structure with the largest occupation factor (partition A). An initial geometry optimization was performed at the unrestricted B3LYP/LANL2DZ level of theory using S = 2 and an effective core potential on the Fe atom, unless otherwise specified. Normal mode analysis was performed on the final geometries, and no negative eigenvalues were found.
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Optimized geometry of 2 Figure S16 . Labeling scheme for the geometry optimization of 2. Figure S17. Labeling scheme for the geometry optimization of 2 after removal of THF molecules. 
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Simulated Mössbauer parameters
All calculations were performed using Gaussian09. 7 The initial geometry was derived from the X-ray structure with the largest occupation factor (partition A). An initial geometry optimization was performed at the unrestricted B3LYP/6-311G level of theory using S = 2. The ground state character of the electronic configuration was assessed on the basis of time-dependent (TD) DFT calculations. The default guess led to a state exhibiting one negative excitation and thus, to obtain the proper ground state we performed the appropriate alteration using the alter option of the guess keyword.
Subsequent TD-DFT calculations confirmed the ground state character of this new configuration by yielding only positive excitations. The electric field gradient (EFG)
parameters ΔE Q and η were calculated using the efg option of the prop Gaussian 09
keyword. The ligand contribution to the EFG tensor was estimated by performing single point calculation in which the high-spin ferrous ion was replaced with a Zn 2+ ion that has a d 10 electronic configuration and thus, is expected to have a null valence contribution to the EFG tensor. The predicted isomer shift values were determined from the charge density at the 57 Fe nuclei using the calibration of Vrajmasu et al. 8 and single point calculations. The relative energies listed in Table S5 and contour plots of the -molecular orbitals shown here were obtained using the procedure described in reference six. 9 Table S5 . Summary of the energies and assignments of the four lowest TD-DFT transitions. The molecular frame considered here is such that the z axis is orthogonal to the molecular plane, x is found along Fe-Cl bond, and y is found along the OFeO axis. The xy orbital is found out of the plane of the ligand suggesting a sizable mixing with the xz orbital. 10 , four point charges q at distance r along the x, y axes generate a "ligand" EFG tensor that is axial with and and since then V zz > 0. Furthermore, a single electron in a pure dz 2 orbital yields "valence" EFG tensor which is also axial with 
